The diagnosis of American tegumentary leishmaniasis (ATL) is based on the visualization or isolation of the parasite, which is a time-consuming and poorly sensitive method. In this study, we evaluated the accuracy and reliability of ELISA for the diagnosis of ATL using soluble (SF) and membrane-enriched (MF) antigen fractions obtained from an infectious strain of Leishmania (Viannia) braziliensis. A total of 152 serum samples investigated at a referral center in Rio de Janeiro, Brazil, between 2005 and 2007 were studied. Each sample was tested twice with each fraction for the calculation of reliability (intraclass coefficient (ICC)). Cut-off values of 0.22 (SF) and 0.33 (MF) were defined. The use of the fractions resulted in good discrimination between patients, with a large area under the curve (Po0.0001), but no difference was observed between the two fractions (P 5 0.45). Sensitivity was 89.5% for each fraction, specificity was 89.5% for SF and 93.4% for MF, and the positive likelihood ratio was 8.5 for SF and 13.6 for MF. The ICCs were excellent (SF: 0.96 and MF: 0.90). The antigens tested provided precision and accuracy for the diagnosis of ATL, with SF being recommended due to its lower cost and greater practicality.
INTRODUCTION
Leishmaniasis represents a global public health problem, with an estimated 12 million people being infected worldwide. American tegumentary leishmaniasis (ATL) occurs in the Americas from the southern region of the United States to the north of Argentina. In Brazil, ATL is present in all states and affects individuals of both genders and all ages. Different parasite species and vectors are involved in the disease, a Published online in Wiley Online Library (wileyonlinelibrary.com). DOI 10.1002/jcla.20402 fact resulting in a wide clinical and epidemiological diversity (1) . In the southeastern region of Brazil, ATL is mainly caused by L. (Viannia) braziliensis, which is responsible for the cutaneous and mucocutaneous forms. Over the last decades, this species has spread into nonforest periurban and urban areas, infecting humans, dogs, and horses (1) .
The diagnosis of ATL is based on the visualization or isolation of the parasite (2) . However, the low sensitivity and long duration of these tests have resulted in the need for more sensitive, specific, and rapid methods. Serological tests, such as indirect immunofluorescence (3, 4) , and enzyme immunoassays, such as ELISA, dot-ELISA and immunoblotting (5, 6) , have been used for the diagnosis of ATL. However, the accuracy of these tests may vary depending on the infectious parasite species and antigen used (7, 8) .
ELISA has been employed successfully for the diagnosis of ATL because it is a rapid test that permits automation and the use of crude, purified, and recombinant antigens isolated from a noninfectious strain. A sensitivity ranging from 95% (9) to 100% (10) was reported when partially soluble antigen fractions from a noninfectious strain of L. (Viannia) braziliensis were used. There is increasing interest in the identification and characterization of molecules with immunogenic properties that can be used to increase the sensitivity and specificity of serological tests. Molecules with an immunogenic potential identified by different investigators include gp 63 (11), GBP (12), HSP 60 (13), and T26-U2 and T26-U4 (14) . During its life cycle, Leishmania sp. expresses various membrane glycoconjugates that can be employed as antigens for immunodiagnosis (15, 16) . However, few studies have tested antigens obtained from infectious strains in immunoassays (17) . Although the expression of certain proteins by the parasite is increased during the infectious phase (18) , the performance of serological tests using antigens obtained from infectious promastigotes has not been evaluated.
The objective of this study was to compare the accuracy of ELISA for the diagnosis of ATL using soluble and membrane-enriched antigen fractions obtained from an infectious strain of L. (Viannia) braziliensis.
MATERIALS AND METHODS

Samples
In this diagnostic accuracy study, 152 serum samples from patients with a suspicion of ATL seen for diagnostic investigation at the Evandro Chagas Clinical Research Institute for infectious diseases (IPEC), FIOCRUZ, between 2005 and 2007 were tested. The first serum sample obtained from these subjects before diagnostic confirmation, which was diluted in glycerin (1:2) and stored in a freezer (À201C), was used. These samples were selected randomly from a consecutive series of patients. In 76 subjects, the diagnosis of ATL (ATL group) was established by demonstration of the parasite (imprint, culture, or histopathology). The control group consisted of 76 patients in whom the differential diagnosis confirmed another disease and imprint, culture, and histopathology were negative for ATL.
Eighty-five (55.9%) of the samples analyzed were obtained from women. Thirty-four of these samples were allocated to the ATL group and fifty-one to the control group, with a mean age of the patients of 39.1 years (SD: 21.7) and 42.6 years (SD: 20.2), respectively. Among samples from patients living in the municipality of Rio de Janeiro, 48.7% were allocated to the ATL group and 45.9% to the control group. With respect to samples with a positive Montenegro skin test, 92.4% belonged to the ATL group and 7.9% to the control group.
The study was approved by the Ethics Committee of IPEC/FIOCRUZ (process 0049.0.009.000-7). All subjects agreed to participate in the study and signed a free informed consent form.
Calculation of the Sample Size
On the basis of previous studies from our group, the minimum sample size necessary in each group was 76 subjects considering an ELISA sensitivity of 95% for partially soluble antigen (9) and of 80% for the membrane-enriched fraction (MF) (unpublished data), in a two-tailed test with an a error of 0.05 and power of 80%.
A minimum sample size of 137 sera was estimated for the analysis of reliability to obtain an intraclass coefficient (ICC) of 0.95, confidence level of 95%, and absolute error of 0.03. For the determination of repeatability, the assays were conducted on the same 152 patients in a blind fashion, i.e., the diagnostic status of the samples was unknown and the samples were therefore codified. A single observer (a health professional with a Master's degree and 3 years of training) tested the samples on two distinct occasions.
Parasites and Antigens
As we did not find any studies in the literature quantifying metacyclic forms of L. (Viannia) braziliensis in the infectious phase, a protocol developed for L. amazonensis (19) was adapted as follows. Infectious promastigote forms of L. (Viannia) braziliensis (MHOM/BR/02/R.787) in the stationary phase of growth were used. This strain was chosen because it was isolated from a patient from Rio de Janeiro who presented a standard clinical and therapeutic response. The strain was identified by isoenzyme electrophoresis and cryopreserved after the second passage. For construction of the growth curve and isolation of antigens, the strain was removed from liquid nitrogen, inoculated into culture medium, and only used until the fifth passage because of the large amount of metacyclic forms with a high degree of infectivity.
For establishment of the stationary phase, a growth curve was constructed by culture of the parasite in Schneider's Drosophila medium (Sigma-Aldrich Co., St. Louis, MO) supplemented with 10% fetal bovine serum, 200 mg/ml penicillin, 200 mg/ml streptomycin, and 1% human urine. Growth was initiated by inoculation of 1 Â 10 6 promastigotes into 1 ml culture medium in 15 ml Falcon tubes and incubation at 26-281C. Growth was estimated as the number of cells/ml at intervals of 24 hr. Cells were counted in triplicate in a Neubauer chamber using 0.2% Trypan blue in PBS. The best time for parasite harvest was determined by analysis of the growth curve (beginning of the stationary phase on day 4), when the culture was transferred for antigen processing (20) . For this purpose, the culture was quantified and transferred to about 500 ml culture medium under the same conditions as used for construction of the growth curve.
Collection of Antigens
The whole culture was centrifuged (Eppendorf 5810R) at 5,000 rpm for 10 min at 41C and processed according to the protocol described by Genestra et al. (21) . The sediment was resuspended in 0.25 M sucrose and 5 mM KCl (KCl/sucrose buffer). This procedure was repeated three times. The resulting sediment was resuspended in antiproteolytic buffer (0.1 mM PMSF, 0.01% (w/v) leupeptin, 0.2 mg/ml trypsin inhibitor, and 1 mM benzamidine) to a final volume of 5 ml and parasites were ruptured using a cavitation pump at a pressure of 1,500 psi for 10 min. Next, the antigen was centrifuged at 105,000g for 30 min at 41C in a Beckman Coulter ultracentrifuge (2583 series, rotor type 35). The resulting supernatant was called the soluble fraction (SF) and the pellet was called the MF. The pellet was resuspended in KCl/sucrose buffer containing 1% Triton X-100 and was solubilized in a Dounce homogenizer. After this step, the material was analyzed under a light microscope to determine the presence of clots. Protein content of the antigen fractions was determined by the Folin-Lowry method (22) .
ELISA
The plates were sensitized with 100 ml of the antigen extract (SF and MF) obtained from promastigote forms of L. (Viannia) braziliensis at concentrations previously defined by protein titration and diluted in carbonatebicarbonate buffer, pH 9.6 (50 mg/ml SF and 100 mg/ml MF), and then incubated overnight (18 hr) at 81C. After four washes in PBS, pH 7.2, containing 0.05% Tween 20 (PBS-T) in an automatic washer (Tecan Columbus Washer s ), 100 ml of the serum samples diluted 1:40 in PBS-T plus 1% skimmed milk (Molico; PBS-TM) was added to each well and the plates were incubated for 45 min at 371C. After four new washes, 100 ml peroxidase-conjugated anti-IgG (Sigma) diluted in PBS-TM and previously titrated (1:50,000 in the two fractions) was added. After incubation for 45 min at 371C and four new washes, 100 ml 3,3 0 ,5,5 0 -tetramethylbenzidine (Sigma) was added and the plates were incubated for 30 min at room temperature in the dark. The reaction was stopped by the addition of 50 ml 2 N H 2 SO 4 to each well. Absorbance was determined at 450 nm in an automatic plate reader (Tecan Spectra Classic s ).
Statistical Analysis
Cut-off values were defined using ROC curves and the respective 95% confidence intervals (CI), and areas under the curve (AUCs) were compared. The sensitivity, specificity, positive and negative predictive values, and likelihood ratio of ELISA employing the different antigen fractions (SF and MF) and their respective 95% CI were evaluated. The reliability of the tests was analyzed using the ICC (95% CI) of two optical density readings per sample. The level of significance was set at Po0.05 for all tests. Analysis was performed using the MedCalc 9.4 statistical software (Mariakerke, Belgium).
RESULTS
Under the conditions established, the beginning of the stationary phase was observed on day 4 of growth, when the parasites were harvested for antigen processing. Table 1 shows the accuracy and reliability of the ELISA tests according to the type of fraction used. Expressive and statistically significant AUCs were observed for the two fractions. Both fractions showed good sensitivity and specificity. The likelihood ratios and predictive values were also satisfactory. Positive tests were more frequent among LTA patients than among controls for both fractions. The following cut-off values were established.
Comparison of the performance of the two fractions showed no relevant (0.016, SD: 0.02) or significant difference (P 5 0.45). As can be seen in Figure 1 , the two curves overlap.
The ICCs obtained for the two fractions indicated excellent reliability of the tests, with values higher than 0.75 (23) . Then reliability (ICC) was excellent for both tests without an expressive variability between two readings of the same observer.
The distribution of optical density values obtained for sera of patients from the two groups tested by ELISA using the SF and MF antigen fractions is shown in Figures 2 and 3 , respectively. Eight serum samples presented cross-reactions when SF was used (three patients with lower limb ulcer, one with sporotrichosis, one with a neoplasm, one with pyodermitis, and two with other diagnoses). Five sera presented crossreactions when MF was used as antigen (three patients with lower limb ulcer, one with pyodermitis, and one with sporotrichosis).
DISCUSSION
In this study, ELISA employing antigen fractions (SF and MF) obtained from infectious L. (Viannia) braziliensis was used for the diagnosis of ATL. No difference was observed in the performance of the two tests. Similar results were obtained for ELISA employing partially SFs from a noninfectious strain. However, the performance of the tests was better than that reported by our research group for indirect immunofluorescence (sensitivity: 81.5%, specificity: 86.2%) (9) .
Promising results have been reported in other studies using fractionated membrane components from noninfectious L. (Viannia) braziliensis as antigens in ELISA. However, no comparisons with the SF were made. Fraction 8 isolated by filtration chromatography (Sephadex G100) and ion-exchange chromatography (DEAE-Sepharose Fast-Flow)presented 85.4% sensitivity and 91.2% specificity (24) . Sensitivity ranged from 60 to 95% for antigen fractions isolated by chromatography (concanavalin-A-Sepharose and jacalinagarose columns) (8) . In our laboratory, we obtained a sensitivity of 84.3% for the MF of noninfectious L. amazonensis in sera from patients with ATL (unpublished data).
Antigen expression may vary according to parasite species. The spectrum of disorders observed in ATL caused by L. (Viannia) braziliensis suggests a wide genetic variability between parasites of this species. However, most L. (Viannia) braziliensis strains isolated in the State of Rio de Janeiro present the same genotype (LbmtDNAGen1) (25) .
Previous studies from our research group suggest that the parasite species involved is a relevant factor and might be even more important than infectivity of the strain. A sensitivity of 70% was observed for the partially SF obtained from noninfectious L. amazonensis and of 95% for the partially soluble antigen isolated from noninfectious L. (Viannia) braziliensis (9) .
In this study, either fraction alone presented good sensitivity, specificity, predictive values, and likelihood ratios, a fact suggesting that ELISA may improve the diagnosis of ATL. Some investigators have demonstrated that ELISA employing crude L. (Viannia) braziliensis antigen was more sensitive than other methods used for the diagnosis of ATL such as PCR, biopsy, and indirect immunofluorescence (26) . Although expression of membrane antigens is higher in infectious strains (18) , the ELISA results obtained using MF and SF from an infectious strain were not better than those reported for antigens obtained from noninfectious strains.
This validation study was conducted according to the STARD guidelines (27) . The sample of cases and controls was randomly selected from a cohort of subjects seen for diagnostic investigation of ATL, who were submitted to the same clinical protocol. Internal validity was evaluated and the diagnostic accuracy of the test should be sufficient to discriminate patients referred for the investigation of ATL and its differential diagnoses. Although serological cross-reactions have been reported for patients with Chagas' disease, toxoplasmosis, and visceral leishmaniasis (28, 29) , the control group did not include sera from those patients as these diseases are not part of the differential diagnosis in this context.
The present results suggest that the two fractions obtained from infectious L. (Viannia) braziliensis presented satisfactory accuracy for the diagnosis of ATL by ELISA. There was no evidence supporting the use of MF as antigen whose preparation is more time consuming and more expensive. The results obtained for ELISA using antigens from an L. (Viannia) braziliensis strain in the infectious phase are similar to those reported in previous studies from our research group using noninfectious strains, a finding suggesting that the species used is more important than the infectivity of the strain. 
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